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^)m.<n^-^t\>r=.^mm^mzmmmm^m^(D\mL^ii^yv 
nm%^m:\z-m^mimmn(Dtm^:^^y v^^ij^y v^^t. 
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mzMi^Ltc^mm^-f ^y'if^i^^-t^mm^-^ ^y'ifn^^m^m^. 
6 ] mmmm^-f ^ y ^#^#m«> 

icov>T, mmn^mm'^<Dmm^iij^yh'r^^mitj^y h^mt.. 

munm^^ ^y'^fhLxmm.-t^'mi^m.t. 
[^^3^7] wm^mij^yv^mt. 

mUii^y \^^^x<Dmumm.mm^<Dm.m^i^^y mmmt^^^ ^y 
^(DU^^^MKmrn'^mr^^^y^t.. 

:^^^-f ^y^mmmm^mt. 

mmm 8 ] mmmm^mmm. Lt^mm^-f ^y'^\zxmi^t^j:oicm 

m^^Q] mm^m:^^yh^mit. 
mmij^y hmm\^x(Dmmmmmm'^(Dmm^:ij^y h 
izm^jt^t:Lm^^^ ^y'!fxmr^-t^^m<D:fy^y^-fy^(o^jt^:i}i^mmti-^ 

[^^^1 0] mnmn^mmmi^r^mm^-( ^y^^izxmi^-r^mmij 
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m^(Dm.m^*'yyh-t^i:}^yv^m.^. 
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^ y hmmx(D^ ^ y hm^ti^^. mij'^y h1^m(D^^m^^i^^:r.t^nn 

cit^3g2 5] mnmmmmm^^mit. mmi3^yh^mx<Dij^yh'^ 

[0 0 0 1] 
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:^nmiit. FSK (Frequency Shift Keying) Sr^li-t S^li 

[0 0 0 2] 

[0 0 0 3] 

tS$:««E^ST>5^:M 0 4 i:, r>7^:M 0 4 ;b^e>^*&S^lS^#m-^5b^ 
MJSISf5t=i=<^)M^fi^^S:ttffif SA> FA:^^^;i/^ (RF-BPF) l 0 6 i: 
. R F - B P F 1 0 6 (Dffiij$:itifii-r-5) R FJfitii^ 1 0 8 i:. RFffipg^lOS 
(Om:^}^: Mammal 1 0;{)^^^!&t-■5D-^;^«#^^g^L/T^^I^«M (I F) 
^^tc^mt-S^=^i?-i 1 2i:, ^:3p-9-i 1 2<DW,i]i)'^h^mi'Am^m^^^^ 
f -SA^ KA'y^ (IF-BPF) 114 il, I F-B P F 1 1 4 (Dffi:tr 

- M#|l 2 OtC«^$tl-5«l:^{C=^fife$txTVN5o 
[0 0 0 4] 

ZirT', mi 1 (a) f^*6^:&^ii:&^©-oT'fe'5^;r K^^-V^MS: 

e) ^5S#§ ^ ^ -r -/ n >y EI -e ^ o 

011 (a) \z^-r^o\z^ i'it\^^^^m.m^\t. mmt^^^mmm^ ( 

ZirtfttlF^^) ^(©S^^ii^-tlC'affilll 2 2 S:iiig$-B:-5rhT'^tS 
(LPF) 1 2 6 {CT¥?t^bL^t>®$:, J:bge^ 1 2 8 ICT'®-^ L/^;i/ L 
[0 0 0 5] 
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tsm^O^mmm^ftLX. f = f0r$>nit90' (=7r/2 Cr a d] ) (Z) 
fi^tSia^Sr^C^it, f < f 0T'feti«9 0° J; U/h^J^^^Sm^^r^D 

ig^ic, f >f 0T'^ti«9 0° J: tj:^^7&^^BiaiE$:^D$it€> J:e)ic^ 

[0 0 0 6] 

«eor, f = f 0 mmmmA: T'^tl« (5) ^ 

, f <f 0 (&^gia«K»: 7r/2-a) T'fetlli (6) ^, f > f 0 (^^BISI^ 
ft: 7c/2 + a) -^%t\.\t (7) ^{CT^S tl5 r {C^-5o -fiO, 0<a<7r 
/2 ^l-tSo 
[0 0 0 7] 

sin(e )Xsin(e + 7t/2) = {sin(2e)} /2 (5) 
sin(0)Xsin(e +7r/2-a)= {sin( 2 e - a ) +sin( a )} /2 (6) 
sin(e )xsin(0 +7C/2+ a)= {sin( 2 9 + a ) -sin( a )} /I (7) 

m##|cDm;^$:¥?t^tt-^i:, (2) ( 3 ) ^cD^ia®^ 2 :^tc^$ 
tlfcii:S^fiK:9-±sin(a) A^Mffi^tl, f <f 0T'^4xlf^^;^, f>fOT*^4x 

[0 0 0 8] 

^^;<r K^^^miii:M(^)F SK^IiiliiLr, la l l (b) {C^^-TJ: 

zi® F S K^MftT'li, t7>i/3 «v h • v;b^A-r ^1^-^ 1 3 4 7b\ f = f 
OT'fetlli^^'^-T^i' 5 0%, f <f OT-feniiT-'i-T^-f 5 0%5^it, f>f 
OT'fetlliT'a.--r-f 5 0%J: ^)i^)lt^^n)\^7.^^fi^^ i.^\zmWL^t\.X\^ 
So t*eoT, Z.a^'OyV^v V ' 134 (Z)ffi;dS:L P F 1 3 

e-e^m-ffcU, Z(DLP F(Dlii±l^. ibictfl 3 8 {CT, t'zl-t^^ 5 0%(D£B 
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[0 0 0 9] 

Lf)^L. t&ai(^^:r K^5^^^IM#lT'li^ffi^l 2 2, 2 4 , LPF 

S Kmii^T*=bL P F 1 3 6 A'^«V^^4^T^^€)o O^U. V^-^tl<D«iil§=fo L S 

[0 0 10] 

rtltCMLT, #gg¥l 0- 1 7 3 7 1 b^^JimiCit. mm^^<DA:bm^J: 
[0011] 
[0 0 12] 

^^i?-, IF-BPF, I FitiPsH^) ^b^i^MilJ^-So 
[0 0 13] 

[0014] 
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[0 0 15] 
[0 0 16] 

i: -r <§> r i: ^ < S: i^' ^ tc^ii-t s i T' ^ -5 o 

[0 0 17] 

^'Z-mis^r^\.^r^i^. '^mm^ (rf^#) ^^r^mw^m^ (i fm-^) ic^i^t 

[0 0 18] 

mmmm<Dij^yh^m(D^ti^tnz^\,^xmmmm^(Dmm^:^^yhir;^^ 

[0019] 
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[0 0 2 0] 

CO 0 2 1] 

[0 0 2 2] 

[0 0 2 3] 

So 

[0 0 2 4] 
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[0 0 2 5] 

y hmmm^mmiiLxm*)Mtmmmm(Dit3r7yh^m<D^n^tnz'D\^x. 
'3^m:fj^yh^mi}'^. mmmm^(Dmm^:^^yhv. ^©^b't^vh^^ic^^ 

^, mn^mt)\ m'^iy^jvn^^m.x(Dm&t)mMii^^^^or^:^'yyhmti'^ 
m^ti^ij^y h^m<Dmp^^^ ^y^^. mm^^ ^yifthxmn^^Jiiv 

[0 0 2 6] 

z<Do-h. "^m^^y h^mit. m^it. m^m'7mm<Dj:oiz. :ij^yhm 
mx<D^mmm^(Dmm^i}oy h mt^^^ ^y^^'o^mm^BMizmm'^m 
rjim-<Di]^y^^m^^x, it ^ ^ y ^i^mmm^mtfK :^^y^(Dmi^^^ ^ 
y^^mi^^^ ^y'!f(D\i^'fnmzm^Xi^*)m^^^t)icmmi^x^j:\f^i^. m 
^«9ia«cDj:e)fc, ij^y hmm\HX(Dmtm^mm-^(Dmm^i:j'yy h l, 
•^n^Mm^^^zm^jt^r^mtk-s^^ ^y-^xmi^-t^mmo^ij^y^^m^^xm 
mvx%^\i\ 

[0 0 2 7] 

^Lx. "f^m^^y h^m^^-o^ii^y^-fo^ibiji^m^izit. m^msmm 
(D^oiz. mm^Minmm Lr=.mm^^ ^y ^izxm^t^ i: ^ izmm:^ ^y^ 
^m^-t^^^ ^y ^m^^m^m^> :i<D^-(s.y ^m^^miz ^^m^if^n 

[0 0 2 8] 

'^miJ'oyh^mfi'^^m.(Dij^y'^fs^i^r^^m^\z\t. m^^ioum 
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m(Dmfi^mi<i trj^^iJ^yh EPS<D^$&^f >r ^ > ^Sr^^f S J: ^ fc^mt-tili 
[0 0 2 9] 

TfcM«F 0 ±F 1 tC^/;5t- -2) C;!!'^?^ h-fit) ^jfiC-etl^tl tf- ^ 5:^ 
[0 0 3 0] 

^fe, m^^-i ^y^'fs^y^v vmn(D^mz-&^ts^yv^T^\z^^^x\t. m 

8 (d) lC^-rj:e)lC> no<©t°-^75)^M^ofe:9^^i:?&y> 08 (a) i:llI8 
(d) ©tfifST'li, 0 8 (c) (©J:ei^:$^^i:^S„ 

'^mo^mzx^'n^^nxit. mt^^-^ ^y^'^is^^v vmmzi5.\^^^yh^m 

[0 0 3 1 ] 

-t^ij^y h^mmmmiz^B^-^nfj^\>^z.tf3^^. ms (d) <z)>!r-xT'%, 
>^>rx(Z)^5^J^)^e>5|2i|^it$:ftWLT, mmti^x^^i^m(Dmit)K ms (c) <z)^r- 

[0 0 3 2] 



1 1 
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mmm^^tb^muz, m^itm^mi 3mm<Dj:'^iz. 7'V9)\^m^(D 

^m^\y^)\y<D^m\y^)\^ imm.mmn(D^'t^mwM) \znii^-t^t!^yhm.(D 

[0 0 3 3] 

r3T% M^M^-^O*>MMt!t$:F0i:L> 3(7)4J>MmiSCF 0 ± F 1 

o 

[0 0 3 4] 

i>x^i^t\.^ij^yv^mx(Dij^yvmyiry-\t (2) ^{cT*$n-5o ^l, 

[0 0 3 5] 

Wn+= (F 0 + Fl)'(T-x) + (F0-Fl)-x 

= (F 0 + F 1 )-T- 2 • F 1 • X (1) 

Wn-=(F 0-Fl)-(T-x) + (F0 + Fl)«x 

= (F 0 - F 1 )-T+ 2 • F 1 • X (2) 

Wn+= (FO + Fl) • TM, Wn-= (FO-Fl) • T^@^®T', mM-ft\>if' 
MH-^^C^tmcOM^li, VATticD#^=fo2 • F 1 • xMT'feSo 
[0 0 3 6] 

o^U, IS*&^-r ^ ^^illi'^y hi^#i:®Tti7b^, 2 • F 1 • x< 1 T-fetili 

, mm mm^^ ^y^''t.\^v vm^^nfi^-m Lt^n^t^-tztfj^x^^o m 
■h. mmMmmitK<iy (2 • fd t-^s. 



1 2 
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• T cl: m'^l'^Jl^sELKfmV^^o ^^3, (4) ^{i (3) 

^ & MS 1- s z: i: T' # e> ti s o 

[0 0 3 7] 

Wn-<F 0 • T<Wn+ (3) 
x<T -2 (4) 

, tr^y ^>t^^s;E^(0-^co-7^^i(Z);R${ctg^$tlT^^tl{i<^:<> 

If h*f^&mraP^(C3MJ^±(Z)^-r ^ >^*^Mi^StlTV^4^^^ j:v^„ ^b, Hl^ 
[0 0 3 8] 

[0 0 3 9] 

t\.^^^^v^yv'm^(r> 1 tr ^y h^fey(^)^p^i(rga:»;m<^^$tifed9'iilE^# 

[0 0 4 0] 
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[0 0 4 1 ] 

/i^mt(D^mm^^i^x^^\^L. m*^2 isH«®a:e)jc, m&v^\>^mt:L 

J:V^„ b^VA-fiilg^^mii, »#«2 2fB«(^)^e){C, i!j^y h^mx(D 

:^^yh^^^ti^^m^nr=.:^^yhmM^iz-^<D\^-^f)^:^:m^^m^iz\t 

[0 0 4 2] 

t^6x\ F sKMmizmm-t^mmn(Drpj(i.mmmti:mhx. #^-^1^^^ 

:^^yh^mx(Di]^yhm<Dmit, zti^<^±ij^y hUHitmi^xi^mz/h 

[0 0 4 3] 

M^i^mizit. m^mm^izmm-t^mmm^ f o ± f i lx. f o = 5 o o 

MHz, Fi = 30kHz, ij^yhmm^imsft^H. ij^yh^m^iz 

:^oy h-^n^nm (:^:^^yhm) Wi^mm ^ (D m^Witf^F 0 + F i(Dm 

Kit 5 0 0 0 3 OMT'^U, mmWti^F 0 - F l(D^lZit4 9 9 9 7 OMT'^'S 

(DizMLx. m^^yy hm(Dmit6 ox$>:^, 

[0 04 4] 



1 4 
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[0 0 4 5] 
v>T=fe<fcv>„ 

[0 0 4 6] 

mz. m^^2 AumcDmm^xit. m.m.mmm&^mi}\ Mm<Dmmmm^ 
it^L, zL<Dmmmmm^^miz^vmmmmfim^\'^tmm^nr^mizit, w± 

m^x. ^mnoymm^x'it. ^m^n^x^^cD^mm^fi-^^y'i^^j^m^ 
^(Dm.m^iBL<n^ :iiiti^x^fjt\>^^m(Dmz. ^mwJi'^i^^ftDtl^zi:^zJ: 
oT, mmzmij'fy'^mm^nxLt.^z.t^m^x^^o 

[0 0 4 7] 
[0 0 4 8] 

p^r^z^mm(Dmmmm^mmt.mzw^m•tSo 
1 mmmm} 

mut. (a) i!)^:^mm^m(Dmm^<Dm^^^-tzruy^m. (b) ^-f-e® 

[0 0 4 9] 

HI (b) iZmt^^iZ. FSK^m«2li, EI^L^V^7^«l^A^eJ(Z)izl«« 
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^<Dm^^^^tkmt^Ay\^/'i:^y^;v^ (rf-bpf) et, rf-bp 

[0 0 5 0] 

H^^X^n^m-^iZit. RF-B P F 6 S:#li^SLT%J;V^. 

M#icTF s K^iistiTfeu, 7'i^'$t)vm^<Dm'^i^^jv roj izitm^mF 

o + Fi, m^\y^)\^ rij iciijgi^liF 0 - F 1 A^fOU ^>4^Tv^^t)® 

[0 0 5 1] 

mz. ^mmmm<D^m^ i o a i ( a ) iz^-t^^ ic ^^^m^ i o 
^(DAtim"^. m-^F sKMm^nr^m^mm^(Dmm^ti^yh-r^ij^yh 
^m^n^mii^yy v^nnLxcDij^yvm 2 ^m^x^^^. ^<Dij^y v 

;tj'^>^C 1~C4 il, «^^ii«#*^e>^M$tl"5'^^7='i^^;V^#<Z) 1 l^^y h 

s 1 ^^^-t^^^ ^y'^'^^m^TMh. ^y^m^s 1 $:t/4 /^•(•itji 
j^s-&;^^-f ^>y^#s 2 SM@#ID 1 i:, ^^^y^m^s 2^t 

/4 T^t-tMs-fefe^^r^ ^y^-^s 3 &^^-rS5iM^D2 i:, 

#S 3 $:T/4 ^ll-iiM^-Brfc^-f ^ >t/«#S 4 ^r^^-TSiSM^D 3 
[0 0 5 2] 

^LT. #:*'i7>^Ci (1 = 1-4) it. -eti-^^ti^-f ^ >y#-^S i ICJ: 
^Cl~C4tt, 0 2 (C 5^ fie) (C, T/4 -foM^ofc^^r ^^^-ei&f^L, 



1 6 
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[0 0 5 3] 

-J vmmznmhtc^^i s.y^mns i ^m^-^^nm^^ ^y^rm^^i 4 h 
^^^m.^''):h^yvmfi^±^vfii\tmmy^)\/ roj . ij^y vrntiM-^-^m^it 

[0 0 5 4] 

( = AV0-AV1) i:L, r(Z)W^ffiDAV75)'^M;^ii^'5;?7'i'>'^ C i :^^e>®;fj 

^yhm^nnv\^^iQ\zm^km,^^'^^^^\zmm.-^nx\^%>o o^y. zi<z) 

[0 0 5 5] 

z.<D^o\zm^-^t\^tc:^mmmmo^'^m^i ox\t. i^^yvui ^^mm-r 
^x. ^ti^n\:^^yhwmWiT:mzwm.mm^(Dm.Wi^ij^yh\^. mm^^^ 

^ >^M#S i xm^F-t^iJ^y^C iis^io(Oi}^y hm^. W^b^VN^fiii::*: 

[0 0 5 6] 

M.wm\zmm-t^o m.h. (fo + fd •t=i2, (fo-fd •t=6 
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mWiFO • T^C^LV^ rgj JCgg^S tlT =fe,(^ So tr:L. ZZX^lt. M 
[0 0 5 7] 

>hEP^#lc, ±M<© (1) (2) ^{CT^ibbns hffl75)'?#e>ti 
> M^i^mziJ^y^C 1 l?{±;?j'^> N^B ri 2j RXJ^ rsj , :^7'^>'^5?C 2 T'« 
^'t?^ h^B r 1 1 J j^xj^ r? J , :j!j'i7>^c4 -eii;j!7'ir> h^a rsj Rx:^ r 1 0 

[0 0 5 8] 

■ 

;«j'^7> h>fB ri 2j , m^u^jv ri J ;^'J3gMt--g> t:-y hm^^^^^M^^y h 

[0 0 5 9] 

it. fs^y'^ci x\t ri 2j (D^x^^iS^. ^^y^cz, C4Vit ri 2j 
je^^(^^a ri ij ^ n oj A'J-g-^nSo -©-^u/^;!/ /u izMm^^t 
m^^ti^i^^y h^f^T'Oitj^y hmit. ij^y^c ixit rej (D^T'$>^ 
Hf^. iij^y^C2, C4X'it re J j^A^^ffl ttj ^ rsj 3{)^-^*ti<5o ^J3, 
i^^y^C 3Xlt. :^^y hUti^mz rgj h^S^ci*, r cD J; ^lt^;^)'^T'^ 

[0 0 6 0] 

fi!oT, -©-^b^;!/ roj izMm-t^tmm^ti^itj'yy h^mv(Oij^y Y- 

m(D^mmAY oit. :^^y^c ixmi< (Avo = i2) tf£<'). -15. 

rij \z^^ir^}im^^t\>^iJ'^y V%T^X<Di}^y hm.(D^i^m.AY 
it}^y9Cixm.A^ (AVI = 6) ^^So 
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[0 0 6 1] 

ot'J, M¥i^ffi<Z)^*^e>^S¥[I^«DAV (=AV0-AV1) it. hW, 
[0 0 6 2] 

i5^5f-r ^>^|g^SIJi 4A^;t^i:b7^^'t7>^rc 1 ri 2j r 

6j W^L^v^MJ: »;:^^^?5j'5'> h« ri2j itm-BU^JV roj , 

[0 0 6 3] 

55:€);5j'i7>^Sf c i'-^CA\zxmMm^oW.Wi^iJ'Oy h L, "to^ij^y vm.\z^ 

laSI&SrM V^ S ^ ^ < 4XT V^ ^ o 

[0 0 6 4] 

i?)/hMft:T'^§;fen-tT';&<. o SrMVAfeF SK^Mil2T'ii> RF 

m^-^ I F##ic^m-r§feib®^fife§:*^i&T'^^fe4?), F s K'^mm^izmz 

[0 0 6 5] 
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fiu, mmmm^<D^j\>mnmF oizm-t^mmmmm±F i $:f i = 1 5 k 

Hz, '^m-t^^fS^^JVm^Oy^v h\y-h^l 0 \!iHz (If h^raiIiT = 
lOO^s), y>rXL//<;i/S:S/N= 1 0 d Bi: t, 5 0 0 fcf^y h^J-^T^- ^ 

^^m-rS%<Dilbrci. ^fa. bis (c) IZ^-t^OiZ. :^^y'$(C l~C4lt 
. ^4X-?4XT/4 (=2 5,as) "To "f ti;^: ^ ^ > i^T';!? O h Sr^f V^, 

o 

[0 0 6 6] 

ii^yhm<D^mr'&^), 0 3 (b) m^mmrtn^r=.^^ ^y^vwti^t 
mmizM-t^mwLiKDm^^. mmit^(Dij^yhm(Dmm^m-to 

[0 0 6 7] 

3(7):J^:^p{C»^VNT, i|aj^#[DAV ( = AV0-AV1) -etl^tlBrnt- S 
i:, 03 (a) (Z)#'^;^^DAV= 2. 8 1> 0 3 (b) <Dm^ti^DkV= 2 . 87 t 

[0 0 6 8] 

-?-3T% m^Ut.hX^i^j&mDkV^m^^^f^t>*)iZ^ ^©^l^fflllDAVlC, 
Zl<D¥^&'IBMDAV®mm^CMV^fe7^-^jgtn S:^ Cfcffl^f[f^>f»D x (=n><D 

Av) HL. ^(DfmmDy^^m^^xmmm^^no ^oizmm\^x^^\^\ ^(d 

0 3 (a) <Dm^fi^Dx= 1 3 8 3, 03 (b) (Z)#^7b^Dx = 9 lit. 
[0 0 6 9] 

'^l!bmm■^nr^±mm5^^±x&^m^^z^t. ^o^i^tfy^^ i^>{%y^'m^) ^ 
, m^mizj:!^^^. mmm&(oMmi)^'h^^ir^^t>i>zLx%^\^^. 
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^ij-i/^^C l~C4 li, itj^y\^mm<DmW^mni3i<itJ^yh^&± 
mt> (FO + Fl) -T+a (a{tJ>(XlZ^^mW}^) a)%CD$:MVNT 

[0 0 7 0] 

T/2^Mmiii-s^t>r^>^M-^s ^mm^Dj (j = i-3) 

[0 0 7 1] 

^y^xmi^Ls v^•rtl%T/2 $:M»li:bT, ^(©^KiPIT/ 2 <Z)r9-#JEraco 

tLx. mm^^ ^y-^fm^mi 4:Xit. hmmmT\^xm^i-^ti^ sm 

[0 0 7 2] 

^^£mW-m(D^^i^mAy 0 f[I^L^V^^itJ:^J/J^$^^m^it®¥i^'^itAV l H 
^"^tl^n^i^. Zltl^5M¥i^'(it<^M$:W^ffiDAV (= AV 0 - AV 1 ) tL. 

>f ^>^ic^jJi:-t<S:j!7'i7>^C ii)^^<D:fy^y\^mzm^^x. #^$tife^-r^ 
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[0 0 7 3] 
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